Abstract. At present, it is well established that previously accepted mass-loss rates (Ṁ ) of luminous OB stars may be overestimated when clumping is neglected. Our Herschel/PACS Far-Infrared (Far-IR) observations of a set of OB stars allow us to improve our knowledge of clumping stratification, constraining clumping properties in intermediate wind regions. In this work, better sampled clumping structure estimates are provided for ι Ori, Ori and ξ Per as well as an initial estimate of the clumping properties of the wind from τ Sco. These observations will allow us to obtain reliable mass-loss rates and improve our understanding of the wind physics.
Introduction
It is currently accepted that stellar winds of massive stars are not smooth, but show small scale inhomogeneities. Such "wind clumps" have a crucial effect on the standard mass-loss rate (Ṁ ) diagnostics: for a given mass-loss, microclumping (optically thin clumps) increases emission that depends on ρ 2 (H emission, IR/radio free-free emission) while having no effect on processes that depend on ρ (UV resonance lines absorption). On the other hand, macroclumping (optically thick clumps) leads to higherṀ estimates if derived from resonance lines. Not taking into account clumping results in inconsistencies between different mass-loss diagnostics and overestimatedṀ (Fullerton et al. 2006; Sundqvist et al. 2010) . Therefore, a reliable knowledge of the clumping quantified by the clumping factor ( Owocki et al. 1988 ) and its radial stratification (Sundqvist & Owocki 2013 ) is crucial to constrain the "true"Ṁ of OB stars . We argue that only a consistent treatment of ALL possible diagnostics, scanning different parts of the winds, and analyzed by means of state of the art model atmospheres, will enable us to constrain clumping through the whole wind andṀ itself. To this end, we have assembled a variety of multi-wavelength data (from optical to radio) of a carefully selected sample of 28 O4-B8 stars, including new Far-IR diagnostics of free-free emission. We have used our photometric Herschel/PACS observations at 70, 100 and 160 µm (programs: OT1/OT2 mrubio), which uniquely constrain the clumping properties of the intermediate wind regions, to derive the clumping properties of the entire outflow.
Remarks
In a first step, we test previous clumping simulations for ι Ori, Ori, ξ Per (Puls et al. 2006 and Najarro et al. 2011) against new Herschel/PACS observations at 70, 100 and 160 µm. These results together with the first clumping structure study for τ Sco ; ii) for 2 O stars, our PACS flux measurements confirm the clumping structure derived in previous work (e.g. ζ Puppis, α Cam, see RD13); iii) the only PACS detection of ι Ori at 70 µm shows this object as a Rayleigh-Jeans emitter; iv) for the two early-B stars analyzed, the measurements at Far-IR wavelengths indicate slight excess emission ( τ Sco, Fig. 1  left) or a stronger clumped wind than predicted ( Ori); v) the uncertainty in the Far-IR flux measurements of CygOB2#7 and #11, due to their complex surroundings (visible in PACS maps), prevents from drawing conclusions about their clumping structure at the intermediate wind region without a parallel spectroscopic analysis. All the sample stars will be subject to a second-stage analysis: a spectroscopic multi-wavelength study with the CMFGEN code (Hillier & Miller 1998) . This second phase is mandatory in order to check that the derived clumping properties are consistent with the observed spectral lines, and will provide further insight into the wind physics and mass-loss rates.
